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Computer-assisted Carotid Plaque Analysis: Characteristics of Plaques
Associated with Cerebrovascular Symptoms and Cerebral Infarction
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Objective: to correlate the echostructural characteristics of carotid plaques with neurological symptoms and cerebral
infarcts.
Materials: one hundred and five plaques were studied in 74 patients by colour-flow duplex ultrasound: 39 were
symptomatic and 37 were associated with brain infarction on CT scanning.
Methods: the images were digitalised for computer-assisted image standardisation and divided in homogenous (n=67)
and heterogenous (n=38) groups. Parameters of the plaque image were analysed.
Results: global echogenicity was significantly lower in symptomatic and in CT+ plaques (p<0.05). For homogenous
plaques, an echogenic cap (EC) was visualised in 8.3% of symptomatic vs. 33.9% of asymptomatic (p<0.05) and in 7.7%
for plaques that were CT+ vs. 37.7% for CT- (p<0.05). Surface disruption was visualised in 50% of symptomatic vs.
8.5% of asymptomatic (p=0.002) and in 46% of CT+ vs. 9.4% of CT- plaques (p=0.002). For heterogenous plaques,
the echolucent region was juxtaluminal in 67% of symptomatic and CT+ plaques vs. 33% in asymptomatic and CT-
(p<0.01).
Conclusion: echolucent plaques are associated with a higher neurological risk. In homogenous plaques the absence of an
echogenic cap and disruption of the plaque surface also correlates with symptoms. In heterogenous plaques, juxtaluminal
location of the echolucent region is an additional marker of increased risk.
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Introduction B-mode ultrasonography, particularly with high-
definition imaging capabilities, provides a suitable
technique for evaluation of structural aspects of athero-The structure and composition of atheromatous carotid
matous plaques as shown in previous publications.17–22plaques may influence the neurological risk of emboli.
Limitations of this method are its subjective nature,Several aspects of plaque structure have been studied.
dependency upon the experience and ability of theBased on the observation of surgically removed speci-
observer and also the quality and set-up of the equip-mens, a positive correlation between intra-plaque
ment. The introduction of high-definition ultra-haemorrhage or ulceration and neurological events has
sonography and the association of computer-assistedbeen reported.1–8 Previous multicentric studies have
methods for carotid-plaque analysis have been shownconfirmed the importance of the degree of stenosis in
to provide the possibility of standardisation of dif-the prediction of outcome in symptomatic patients
ferent image characteristics, thus providing an ob-with severe carotid artery disease.9–10 However, for
jective assessment of morphological plaqueasymptomatic or less severe forms of carotid stenosis,
parameters.23,24there is some controversy concerning the risk of neuro-
The aim of the present study was to assess thelogical events and the possible role of surgery in the
possibility of recognition of objective parameters ofprevention of stroke.11 Histological studies performed
plaque echo-structure by computer-assisted analysis,in specimens removed during carotid endarterectomy,
and to establish which factors may have a significantanalysing the morphology, structure and composition
correlation with appropriate neurological symptomsof the lesion, have been able to correlate some of these
and evidence of brain infarcts detected by CT scanning.characteristics with appropriate neurological symp-
toms.12–16
Materials and Methods
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Table 1. Analysis of the characteristics of the plaques.was 67 years (38–80). All patients had a neurological
evaluation and the carotid lesion was considered Symptomatic Plaques 39 37%
Asymptomatic Plaques 66 63%symptomatic when associated with amaurosis fugax or
CT Scan + 37 35%appropriate neurological deficits (transitory, reversible
CT Scan - 68 65%or established) related to the ipsilateral carotid ter-
Stenosis >70% 54 51%ritory. A CT scan was obtained in all patients and
Stenosis 51–69% 21 20%was considered positive when cerebral infarcts were Stenosis 30–50% 30 29%
present in the area of the ipsilateral anterior and Homogenous Plaques 67 64%
Heterogenous Plaques 38 36%middle cerebral arteries. Lacunar infarcts were not
considered relevant for this analysis and, when present
as isolated finding, the CT scan was classified as
negative.
The examination used colour-flow duplex-scan plaques the following characteristics were analysed:
equipment (ATL – Advanced Technology Laboratories global echogenicity (GSM, P40), the presence of echo-
– model HDI 3000) which provided high-definition genic cap (EC), evidence of plaque-surface disruption,
images of the carotid bifurcation. Equipment set-up relation between EC thickness and plaque thickness.
included 7–10 MHz probe, 60 dB dynamic range and In the subgroup of heterogenous plaques the following
post-processing linear maps. All the ultrasonographic parameters were analysed: global echogenicity (GSM,
examinations were performed by the same observer P40), localisation of echolucent region of the plaque
(LMP) without knowledge of the clinical and CT-scan (basal or juxtaluminal), and the percentage of echo-
evaluation. The images were recorded in a S-VHS lucent area in relation to the overall plaque area.
videotape and digitalised directly by the duplex-scan For each lesion the degree of stenosis was quantified
machine into an optical disk for later computer ana- using end-systolic and end-diastolic velocity criteria26
lysis. Images were obtained in longitudinal and trans- combined with cross-section area reduction measured
verse section in order to obtain full visualisation of in transverse images of the lesion. Statistical analysis
the carotid bifurcation and extent of the lesion. How- used the software STATA 4.0 with categorical variables
ever, for analysis, the best longitudinal section with analysed by Chi-squared and Fisher’s exact test and
full display of the plaque and adventitia was used and continuous variables analysed by variance analysis
this image was recorded in black and white. and Student’s test.
The computer-assisted analysis used the software
ADOBE PHOTOSHOPÒ 3.0 for standardisation and
echogenicity analysis and the software INSIGHTÒ 5.0
for linear and area measurements. This software pro-
vides the possibility of statistical analysis of the histo-
Resultsgram of grey-scale pixel distribution of the image.
Standardisation was achieved as previously reported.25
Thirty-nine (37%) plaques were considered symp-A normalised value of 190 for the adventitia and 0 for
tomatic and 66 (63%) were asymptomatic. Thirty-seventhe blood was set, thus producing a modification of
(35%) plaques were associated with ipsilateral cerebralthe characteristics of the entire image, which was
infarction and in 68 (65%) the CT scan was negative.adjusted according to these values, equal for all ex-
The mean degree of stenosis was 68%, and the severityaminations. In this standardised image the plaque was
of the stenosis was assessed for each lesion and itsdelineated by drawing around its entire contour, and
distribution was as follows: more than 70% stenosis –a histogram of the grey-scale distribution of pixels of
54 lesions (51%); stenosis between 51–69% – 21 lesionsthe entire area of the plaque was obtained. The fol-
(20%); stenosis between 30–50% – 30 lesions (29%).lowing parameters were determined from the histo-
Sixty-seven plaques (64%) were classified as homo-gram and used in the study: (i) the grey-scale median
genous and 38 lesions (36%) were considered hetero-(GSM); (ii) the percentile 40 (P40), which represents
genous (Table 1).the percentage of “black” pixels (“echolucent” pixels).
The analysis of echogenicity of the overall group ofThese two parameters were considered as a measure
plaques showed that the GSM of symptomatic plaquesof the whole echogenicity of the plaque and analysed
was significantly lower than of asymptomatic plaquesin all the plaques.
(respectively 33 vs. 46, p=0.005). A similar relationshipCarotid plaques were classified in homogenous and
was observed in plaques associated with normal orheterogenous according to its echo-structure, thus de-
fining two subgroups. In the subgroup of homogenous abnormal CT scan (respectively 32 vs. 44, p=0.005)
Eur J Vasc Endovasc Surg Vol 19, February 2000
L. M. Pedro et al.120
Fig. 1. Distribution of the grey-scale median (GSM) in symptomatic Fig. 3. Distribution of the grey-scale median (GSM) and percentile
40 (P40) according to the degree of stenosis.and asymptomatic plaques and in plaques associated with positive
and negative CT scan (for ipsilateral brain infarction).
significant difference was observed in symptomatic
lesions when compared with asymptomatic plaques. In
those that were considered symptomatic, echographic
evidence of echogenic cap was present only in 8.3%,
and in asymptomatic plaques it was clearly visible in
33.9% (p<0.05). The presence of an echogenic cap was
observed in 7.7% of the lesions in the group with
positive CT scans and 37.7% in those with negativeFig. 2. Distribution of the percentile 40 (P40) in symptomatic and
asymptomatic plaques and in plaques associated with positive and CT scans (p<0.05). Evidence of plaque surface dis-
negative CT scan (for ipsilateral brain infarction). ruption was diagnosed in 50% of the symptomatic
plaques and in 46% of those associated with cerebral
infarction, but only in 8.5% of asymptomatic (p=0.002)(Fig. 1). The parameter P40 was also significant in
and 9.4% of those with a negative CT scan (p=0.002).the discrimination of symptomatic vs. asymptomatic
The relationship between echogenic cap thickness andplaques (respectively 60 vs. 47, p=0.001), and for
overall plaque thickness was also studied in the groupplaques associated with normal or abnormal CT scan
of homogenous plaques, and the results showed sim-(respectively 62 vs. 49, p=0.002) (Fig. 2). The search
ilar values in symptomatic and asymptomatic plaquesfor a cut-off point revealed that the best discrimination
(respectively 13.9 and 11.9, p=NS) and in plaqueslevel was a value of 32 for the GSM and of 43 for the
with and without cerebral infarction (respectively 15.7P40. Sixty per cent of plaques with GSM below 32
and 12.1, p=NS). In heterogenous plaques, the GSMwere symptomatic (against 26% in the group with
was also significantly different concerning the sur-GSM>32) and 66% were associated with brain in-
rogate endpoints: presence of symptoms and brainfarction (against 25% in the group with GSM>32). Fifty-
infarcts on CT scan evaluation. The P40 parameterone per cent of plaques with P40>43 were symptomatic
was significantly different according to the presence(against 14% in the group with P40<43) and 47% were
of brain infarct, but was of no significant value in theassociated with brain infarction (against 24% in the
discrimination between symptomatic vs. asympto-group with P40<43). The echogenicity of the plaques
matic plaques; the observed trend in the distributionwas also studied according the degree of stenosis, as
of its values did not reach statistical significance. Inassessed by colour-flow duplex scan. Lesions were
symptomatic plaques and in those associated withclassified in three groups: <50%, 51–69% and >70%,
brain infarction there was evidence of a juxtaluminaland the GSM was, respectively, 57, 45 and 33 (p<0.001)
location of the echolucent region in 67% against 33%and P40 was, respectively, 37, 48 and 61 (p<0.001) (Fig.
in asymptomatic plaques and plaques not associated3).
with cerebral infarction (p<0.01). The percentage ofSubsequently, analysis was performed separately in
echolucent region relatively to the overall plaque areathe two subgroups of homogenous and heterogenous
did not show significant differences between symp-plaques (Table 2), in order to establish a correlation
tomatic and asymptomatic plaques (respectively 63%between the several parameters previously analysed
and 60%, p=NS) and between plaques associated withand the following surrogate endpoints: presence of
positive and negative CT scan (respectively 69% andsymptoms and evidence of brain infarcts on CT scan.
In the subgroup of homogenous plaques, a statistical 57%, p=NS).
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Table 2. Results of the separate analysis of the subgroups of homogenous and heterogenous plaques.
Symptomatic Asymptomatic p CT+ CT- p
Homogenous
GGM 33 46 p=0.005 32 44 p=0.005
P40 60 47 p=0.001 62 49 p=0.002
Presence of echogenic cap 8.3% 33.9% p<0.05 7.7% 37.7% p<0.05
Surface disruption 50% 8.5% p=0.002 46% 9.4% p=0.002
EC thickness/Plaque thickness 13.9 11.9 NS 15.7 12.1 NS
Heterogenous
GSM 32 43 p<0.05 29 46 p<0.01
P40 61 50 NS 61 47 p=0.01
Echolucent region juxtaluminal 67% 33% p<0.01 67% 33% p<0.01
% echolucent region 63% 60% NS 69% 57% NS
Discussion dependency upon the operator performing the test,
and the quality of the equipment. The introduction
The relationship between carotid artery disease and of high-definition equipment with improvements in
image quality, and the association of computerisedstroke was by the preliminary work of Egas Moniz27
(1937), with the use of arteriography, and Miller methods to standardise the assessment of carotid
plaques, were remarkable developments that allowedFisher28 (1951) who established a definitive correlation
between carotid stenosis, transient ischaemic attacks us to overcome limitations due to individual and
technical variability, thus facilitating comparisons be-and stroke.29 Structural alterations within the athero-
matous carotid plaque may predispose to instability tween different examinations and the monitorisation
of the progression of carotid stenosis. Previous pub-and facilitate the occurrence of embolisation to the
brain. Histological and biochemical studies from speci- lications confirmed the feasibility of objective quan-
tification of heterogeneity and echolucency, and alsomens obtained from carotid endarterectomy helped to
clarify the relationship between some features of the that these parameters had a correlation with symptoms
and ipsilateral brain infarcts.23,24,34,35lesion and the predisposition to cause symptoms. The
increase of lipid30,31 and blood2,6 content in the plaque, We have expanded the non-invasive investigation to
accommodate other components of the atheromatousthe proximity of a central necrotic core from the over-
lying fibrous cap16 and the presence of ulceration3,7,13 plaque that could be measured with this combined
technology and that were previously shown, in histo-were shown to be more common in symptomatic
lesions, when compared with specimens from logical studies, to be associated with unstable, symp-
tomatic plaques. The aim of this study was to addasymptomatic stenosis.
B-mode ultrasonography provides a reliable non- refinements to the discrimination between different
lesions in order to improve the identification of thoseinvasive method for evaluation of the morphological
aspects of the atheromatous plaque. Studies using this that would have a higher risk of neurological com-
plications, thus obtaining a comprehensive pattern oftechnology helped to classify plaques in different types
according to its ultrasonographic appearance. One of unstable plaques which could be associated with the
surrogate events: appropriate neurological symptomsthese classifications divides plaques in homogenous
and heterogenous.17 Gray-Wheale,32 Stephens33 and and/or ipsilateral brain hemispheric infarcts. Our
results showed that the overall echogenicity assessedGeroulakos22 developed a more complete classification,
based on ultrasonographic plaque structure and echo- from the plaque grey-scale pixel distribution is an
important discriminating factor in both homogenousgenicity, which includes both homogenous and
heterogenous plaques. Echolucency and heterogeneity and heterogenous lesions, with symptomatic plaques
being more echolucent. The definition of a cut-off levelseem to be associated with plaque instability and
with predisposition to respond differently to a similar of echogenicity that provides the higher discrimination
capacity is important and should be mentioned inhaemodynamic alteration caused by the “jet effect” of
increased velocity and turbulence caused by a severe future studies. El-Barghouty34 reported a cut-off point
of 32 for the GSM in a study of computer-assistedstenosis. Atheroembolism could be more frequent in
this type of plaque than in those with a fibrotic, dense plaque analysis without standardisation of the images.
Interestingly, we observed the same cut-off level of 32and homogenous structure.
The problem related with the systematic use of the for the GSM and the discrimination capacity of GSM
and P40 was not significantly different, thus suggestingGray–Wheale classification is the lack of uniformity,
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